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SYNCHRONOUSIASYNCHRONOUS 
PARTITIONING OF AN ASYNCHRONOUS 

BUS INTERFACE 

BACKGROUND OF THE INVENTION 

This invention relates generally to computer systems, and 
more particularly to the transfer of data between a data 
transfer device an asynchronous portion of a computer 
system. 
As it is known in the art, computer systems generally 

include at least one central processing unit (CPU), a main 
memory for storing data, at least one input/output (I/O) 
device, and a system bus coupling the aforementioned 
devices to the CPU. The 1/0 device generally has a port 
which is coupled to an 110 bus which provides for access to 
one or more peripherals. 

Generally, I/O devices are used to transfer data between 
the system bus and the 110 bus such that peripherals resident 
on the I/O bus are coupled to the remainder of the computer 
system. Many different types of peripherals, such as mass 
storage devices, i.e., disk drives, tape drives, etc., printers, 
other computer systems, and other I/O busses, etc., may be 
resident on the I/O bus. These peripherals generally have 
many diiferent characteristics, including the speed at which 

‘ they operate. Often, to take advantage of the operating speed 
of the fastest devices while still allowing slower devices to 
operate on the I/O bus, the 110 bus is provided as an 
asynchronous bus. An asynchronous bus is one in which 
there is no common clock or timing signal from which other 
signals, such as address, data, and control signals, are 
related. A synchronous bus is one is which all devices on the 
bus assert and deassert bus signals relative to transitions, i.e., 
assertions and/or deassertions, of a common clock or timing 
signal. 

Asynchronous busses generally operate via handshake 
signals sent between devices on the bus. Each. handshake 
signal is usually associated with one or more bus signals, 
and if one device causes a transition of a handshake signal, 
for example, an address strobe handshake signal, this usually 
indicates that its associated signals, i.e., the address signals, 
are valid. All appropriate devices on the bus will assert a 
corresponding handshake signal to indicate that they 
received the signals, i.e., address signals. In this manner, a 
fast device can communicate with a slow device by waiting 
for the slow device’s related handshake signals which allows 
eacli'device to operate as fast as possible. 

Generally, it is necessary in a computer system such as the 
one described above, to transfer data to and from the 
asynchronous 110 bus. Prior techniques use a bus interface 
circuit to control transfers with the asynchronous bus. One 
technique synchronizes the asynchronous bus handshake 
signals prior to using them. A problem with this approach is 
that it limits the speed of the data transfer rate. An alternative 
approach is to use an asynchronous interface to transfer data 
with the asynchronous bus. An advantage of this approach is 
that data transfer on the asynchronous bus is very fast. A 
disadvantage is that the asynchronous interface is generally 
very complicated and expensive. 
As is also known, a bus transaction, whether synchronous 

or asynchronous, generally involves a command/address 
phase or cycle, which may be an initial transfer of informa 
tion related to the transaction being initiated, followed by a 
data phase or cycle, which may be many transfers of data. A 
device performs a transaction on the bus by ?rst gaining 
access to the bus through some fonn of bus arbitration. After 
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2 
gaining access, the device begins the transaction by sending 
a command and an address on the bus (command/address 
phase). All devices on the bus examine the address and 
command. The devices often check for parity and other 
errors. The devices also decode the address to determine if 
they are a target, hereinafter referred to as a bus slave device, 
of the transaction. The bus slave device or devices must 
further decode the command and address information to 
determine the appropriate logical path to follow. Busses, 
particularly I/O busses where many different types of 
peripherals having different characteristics may reside, are 
very complicated. There may be several ways for a device to 
proceed after decoding the address and command informa 
tion. 

Whether the bus is a synchronous or asynchronous bus, 
transaction control of the bus is often provided by state 
machines, i.e., sequential circuits. One type of state machine 
is a synchronous state machine which uses storage elements 
called ?ip-?ops that are allowed to change their binary value 
only at discrete instants of time. Synchronous state machines 
generally include combinatorial logic circuits which imple 
ment so called “state equations”. The state equations de?ne 
the operation or ?ow of the state machine. In response to the 
outputs from the combinatorial logic circuits, the ?ip-?ops 
generate output bits termed state bits which de?ne the states 
of the state machine. The combinatorial logic receives inputs 
from external logic and the ?ip-?ops, and provides outputs 
to external logic and to the ?ip-?ops. The transition of a 
clock signal allows the ?ip-?ops to operate on their input 
signals to produce the next output states of the ?ip-?ops. The 
cycle time, i.e., assertion edge to assertion edge, of the clock 
signal may be chosen to be the smallest value which will 
allow the ?ip-?ops to operate on their input signals and 
allow the combinatorial logic to operate on the changed 
inputs from the ?ip-?ops. Therefore, the clock signal may 
not transition until the ?ip-?op inputs are valid, i.e. settled 
from transition, “glitch-free”, or “noise»free”, and have been 
valid for at least a time equal to the input set up time of the 
?ip-?ops. While this requirement prevents the synchronous 
state machine from changing state prematurely or incor 
rectly due to glitches, it also limits the speed of the state 
machine to the clock cycle which is limited to the propa 
gation delay through the slowest path. 
An I/O device which utilizes a synchronous state machine 

to transfer data with an asynchronous bus must also syn 
chronize all the received asynchronous bus handshake sig 
nals prior to using them. To synchronize asynchronous 
signals, a two stage ?ip-?op apparatus may be used, i.e., a 
dual stage synchronizer. With a dual stage synchronizer, the 
asynchronous signal is fed to a ?rst ?ip-?op input and the 
synchronizing clock is used to allow the signal value to pass 
through the ?ip-?op appearing at an output of the ?rst 
?ip~?op if the signal reaches the ?ip-?op prior to the clock 
transition. The output from the ?rst ?ip-?op is then fed into 
an input of a second ?ip-?op which is controlled in a similar 
fashion by the clock signal. The two stages are necessary to 
prevent metastability, i.e., if the asynchronous signal tran 
sitions at or just before the clock transition, the output from 
the ?rst ?ip-?op may not be stable. The second ?ip-?op 
allows an entire clock cycle for the ?rst ?ip-?op’s output to 
stabilize before passing the value of the signal to its output. 
The synchronous state machine may then operate on the 
output of the second ?ip-?op on a next clock transition. 
Worse case, the asynchronous signal will transition just after 
the clock transition, and the ?rst ?ip-?op will not pass the 
value on until the following clock transition. If this happens, 
then the synchronous state machine will not operate on the 
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signal until a fourth clock transition. Accordingly, a problem 
with using a synchronous state machine to interface to an 
asynchronous bus is that it requires circuitry to synchronize 
the received asynchronous handshake signals. This circuitry 
or “synchronizer” introduces a high latency period between 
data being ready to transfer and data being transferred since 
the synchronizer invariably delays transitions of the asyn 
chronous signals by up to three to four clock cycles. 

Another type of state machine is the asynchronous state 
machine. Asynchronous state machines are basically com~ 
binatorial circuits with feedback paths whose outputs 
depend upon the order in which its input variables change. 
Similar to the synchronous state machine, the combinatorial 
logic implements state equations which de?ne the operation/ 
?ow of the state machine. However, there are no storage 
elements, i.e., ?ip-?ops, and, therefore, the outputs of the 
asynchronous state machine may be affected at any instant 
of time by changes in any inputs to the state machine. The 
combinatorial logic which comprises the asynchronous state 
machine generates the state bits and other output signals, 
and, therefore, changes from one state to the next are not 
controlled by a clock signal like the synchronous state 
machine. Thus, the asynchronous state machine changes 
states as fast as the combinatorial logic can operate on the 
received signals. In general, an asynchronous state machine 
interface to an asynchronous bus is much faster than the 
aforementioned synchronous state machine. To prevent 
glitches on state bits from forcing the asynchronous state 
machine into invalid states, only one state bit is pennitted to 
change each time the state machine changes state. Therefore, 
only that state bit has the possibility of glitching and, thus, 
the asynchronous state machine will not transition to an 
incorrect state. In general, this leads to a large number of 
required states and, therefore, to a large number of state bits 
which increase the amount of circuitry necessary to imple 
ment the state machine. 

Asynchronous state machines must also be designed to be 
hazard proof. A hazard may occur where inputs to the state 
machine are changing, and, thus, the state of the state 
machine is changing, but some outputs of the state machine 
are suppose to remain steady. In this case, as the state is 
changing, an output may momentarily change (i.e., glitch) to 
a different level than the steady value which may cause the 
state machine to improperly move to an incorrect state. To 
overcome this problem, the asynchronous state machine 
equations are provided with added terms, i.e., hazard terms, 
to prevent these possible glitches from causing transitions to 
wrong states. These added hazard terms further increase the 
amount of circuitry required to implement the asynchronous 
state machine. 

Accordingly, use of asynchronous interfaces to interface 
to an asynchronous bus is the preferred approach if speed is 
a primary objective. However, as computer systems become 
more complex, bus structures associated with these systems 
become more complex. One problem with using an asyn 
chronous interface to interface to such a complex bus, 
therefore, is that the interface becomes correspondingly 
complex, and as the complexity of the bus structure 
increases, the size and cost of the interface increases con 
comitant therewith. 

In addition to the situation mentioned above, there are 
many other situations in which data must be transferred with 
an asynchronous bus. The above mentioned system bus may 
be synchronous or asynchronous. If the system bus is 
asynchronous, the di?iculties involved with interfacing to an 
asynchronous bus occur when interfacing to the system bus. 
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4 
SUMMARY OF THE INVENTION 

In accordance with the present invention, a data transfer 
device includes means for controlling data transfer with an 
asynchronous bus. The means for controlling data transfer 
includes a synchronous logic network to provide a transac 
tion connection between the asynchronous bus and the data 
transfer device during an initial phase of the transaction and 
an asynchronous logic network to provide data transfer 
between the asynchronous bus and the data transfer device 
during a subsequent phase of the transaction. With such an 
arrangement, the synchronous logic network can provide 
transaction control during a time when many determinations 
are required to be made by the data transfer device. Although 
the synchronous logic network may be slower than a cor 
responding asynchronous logic network, it is provided with 
signi?cantly less circuitry than the asynchronous logic net 
work. On the other hand, the asynchronous logic network 
provides transaction control during a time when few deter~ 
minations need to be made by the data transfer device. Thus, 
while a corresponding synchronous logic network may be 
implemented in slightly less hardware than the asynchro 
nous logic network, the synchronous logic network would 
be signi?cantly slower than the asynchronous logic network. 
Therefore, a data transfer device is provided having a 
minimal amount of circuitry, while providing data transfer at 
a high rate of speed. 

In accordance with a further aspect of the present inven 
tion, a data transfer device includes means for interfacing to 
an asynchronous bus and means for controlling data transfer 
between the asynchronous bus interfacing means and the 
asynchronous bus. The means for controlling data transfer 
between the asynchronous bus interfacing means and the 
asynchronous bus includes, means for synchronously con 
trolling an initial connection phase of a transaction and 
means for asynchronously controlling a subsequent data 
transfer phase of the transaction. With such an arrangement, 
the synchronous controlling means provides transaction 
control during an initial connection phase when many deter 
minations are required to be made by the data transfer 
device. The synchronous controlling means although typi 
cally slower than a corresponding asynchronous controlling 
means, is implemented with signi?cantly less circuitry. On 
the other hand, the asynchronous controlling means provides 
transaction control during a subsequent data transfer phase 
when few determinations need to be made by the data 
transfer device. Accordingly, the asynchronous controlling 
means is implemented in slightly less hardware than a 
corresponding synchronous controlling means and is corre 
spondingly faster than a synchronous controlling means. 
Thus, a data transfer device is provided having a minimal 
amount of circuitry, while providing data transfer at a high 
rate of speed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a computer network having 
a system bus connected to an I/O bus by an I/O device in 
accordance with the invention; 

FIG. 2 is a diagram showing the relationship of FIGS. 2A 
and 2b as spanning two drawing sheets; 

FIGS. 2a and 2b are a more detailed block diagram of the 
I/O device of FIG. 1; 

FIG. 3 is a diagram showing the relationship of FIGS. 3A 
and 3b as spanning two drawing sheets; 

FIGS. 3a and 3b are a more detailed block diagram of the 
slave controller of FIGS. 2a, 2b in accordance with the 
invention; 
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FIG. 4 is a state diagram illustrating the ?ow of the ?rst 
synchronous state machine of FIGS. 3a, 312; 

FIG. 5 is a state diagram illustrating the ?ow of the ?rst 
asynchronous state machine of FIGS. 3a, 3b; 

FIG. 6 is a truth table illustrating the operation of the ?rst 
asynchronous state machine of FIGS. 3a, 3b; 

FIG. 7 is a Kamaugh map illustrating the conditions under 
which a speci?c output signal displayed in the truth table of 
FIG. 6 is asserted; 

FIG. 8 is a state diagram illustrating the ?ow of the second 
synchronous state machine of FIGS. 3a, 3b; and 

FIG. 9 is a state diagram illustrating the flow of the second 
asynchronous state machine of FIGS. 3a, 3b. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

As noted above, this invention involves a method and 
apparatus for transferring data to and receiving data from an 
asynchronous system such as an asynchronous bus. An 
interface apparatus to the asynchronous bus is divided into 
a synchronous section and an asynchronous section. An 
initial portion of a transaction on the asynchronous bus is 
controlled by the synchronous section while a subsequent 
data transfer portion of the transaction is controlled by the 
asynchronous section. This reduces the amount of circuitry 
required to provide the interface apparatus while providing 
for fast data transfer with the asynchronous bus through the 
interface apparatus. 

Referring now to FIG. 1, a computer network 10 is shown 
to include a computer system 12 which includes a central 
processing unit (CPU) 12a, a main memory module 1212, and 
an input/output (I/O) device 120 coupled together by a 
system bus 12d. There may be multiple CPUs, main memory 
modules, and I/O devices resident on the system bus, 
although only one of each is shown in FIG. 1 for simplicity. 
The computer network 10 further includes an 110 bus 13 
used to couple the computer system to a peripheral device 
14, a second computer system 16 which may be the same 
type of system as computer system 12 or may be a different 
type of computer system, and a bus interface 18. Examples 
of peripheral devices which may be coupled to the bus 13 
include, tape drives, disk drives, printers, etc. There may be 
multiple peripherals, computer systems, and bus interfaces, 
i.e., devices designed to transfer data between at least two 
busses, resident on the 110 bus, although only one of each is 
shown in FIG. 1 for simplicity. Here each of the devices 14, 
16, and 18 have corresponding interface apparatus 14a, 16a, 
and 18a, as shown, to interface the respective device to the 
110 bus 13. As also shown, bus interface device 18 is 
disposed to interface 110 bus 13 to a third bus 19 which may 
be a computer system bus (as bus 12d) or another network 
bus (as bus 13). 
The 110 device 12c is provided to accommodate the 

transfer of data between the 110 bus 13 and the system bus 
12d. In this example, the system bus 12d and the devices 
resident on the system bus operate synchronous to a com 
mon clock signal, while the I/O bus 13 and the devices 
resident on the 110 bus operate asynchronously. Accord 
ingly, the I/O device 12c is used to transfer data between the 
synchronous computer system and the asynchronous 110 
bus. 

Often, the I/O bus 13 couples together devices which may 
have different characteristics. A ?exible protocol, i.e., a 
predetermined bus control technique through which data 
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6 
may be transferred over the bus, on the I/O bus 13 is here 
implemented to accommodate various characteristics of 
different devices coupled to bus 13, and allow such devices 
to operate optimally. An example of a ?exible protocol for 
the 110 bus 13 is the so called “Futurebus+” (FBUS) 
protocol as set forth in speci?cations provided by the 
Institute for Electrical and Electronic Engineers, including 
IEEE STD. 896.1-1991: Logical Layer Speci?cation. As an 
illustrative example, the I/O device 12c will be described 
with respect to interfacing to an I/O bus 13 implementing the 
FBUS protocol. It will be appreciated, however, that DO 
device 120 has applicability to other types of busses and that 
description of the FBUS is illustrative of one preferred 
embodiment of the invention. A brief description of the 
FBUS will ?rst be given before proceeding further. 
The FBUS is a low assertion bus, (i.e., an asserted signal 

is at a lower voltage level than a deasserted signal). Often the 
system bus 12d is a high assertion bus, (i.e., an asserted 
signal is at a higher voltage level than a deasserted signal). 
The U0 device 120 must respond correctly to the assertion 
levels of each. Hereinafter, asserted and deasserted refer to 
the appropriate assertion and deassertion logic levels for the 
respective bus. 
When a device, such as the I/O device 12c, peripheral 14, 

computer system 16, and bus interface 18, shown in FIG. 1, 
engage in a transaction using the bus 13, the devices gain 
control of the bus through a process known as “arbitration”. 
Arbitration is one step in implementing a protocol in which 
a device called an FBUS master device is chosen from 
among competing devices for use of the bus 13 for a given 
period of time referred to as a “transaction” The bus master 
device is one of the devices involved in a transaction and is 

' selected by an arbiter (not shown). There are many different 
types of arbitration techniques known in the art. The FBUS 
employs a central arbiter (not shown) to which all devices on 
the FBUS wanting to gain control of the FBUS, i.e., become 
an FBUS master device, send a bus request signal. The 
central arbiter grants control of the FBUS to one of the 
devices which sent a bus request signal, according to a 
predetermined scheme which distributes such control among 
the various devices which desire to gain access to the bus. 
Schemes which are implemented by the arbiter include, 
priority schemes, round-robin schemes, and so forth. Typi 
cally, when a device is issued a grant from the arbiter, it 
gains the status of bus master elect. The device will actually 
exercise control, i.e., become the bus master device, when 
any current transaction on the bus is completed. 

Once a device gains control of the bus, i.e., becomes a bus 
master device, the bus master device sends address and 
conrrnand information onto appropriate bus lines to begin a 
connection phase. Described below are some of the standard 
signals implemented by the FBUS. These signals will be 
described below, in conjunction with FIGS. 1-2. For FBUS 
13, the address is here placed on FBUS address/data lines 
(AD) sixty-three to zero, i.e., AD<63:0>, and the command 
is placed on FBUS command lines (CM) seven to zero, i.e., 
CM<7:0>. The command lines in the connection phase 
indicate which AD lines contain valid data, i.e., AD<3l:0> 
and possibly AD<63:32>. After asserting the appropriate 
command and address bits, the FBUS master device will 
assert an address synchronization handshake signal, i.e., 
FB_AS, to indicate that the bus lines contain valid data and 
that all modules resident on the bus should examine the data. 
The devices on the bus respond by asserting an address 
acknowledge signal, i.e., FB_AK, capturing the address and 
command information on the bus. The bus slave device 
immediately asserts a data acknowledge inverse handshake 
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signal, i.e., FByDI, for later use. The responding devices 
decode the address to determine if they are a target of the 
transaction, i.e., a bus slave device, and decode the com 
mand to determine what type of transaction has been initi~ 
ated. The devices also check for parity and other errors. For 
example, if a command when decoded is determined to be 
for a transaction which the bus slave device is incapable of 
handling, an error is signaled. 

The FBUS provides eight status lines (ST), i.e., ST<7:0>, 
for responding devices to use to notify the bus master device 
of signi?cant events, such as, that they are a target of the 
transaction or that there are errors, etc. Once the address has 
been decoded, at least one device has determined that it is a 
target, i.e., bus slave device, of the transaction, or there are 
errors. The bus slave device asserts the appropriate status 
line on the FBUS and when the device is prepared to 
continue to the next phase of the transaction, the device 
deasserts an address acknowledge inverse handshake signal, 
i.e., FB_AI. All devices, including those which are not a 
target of the transaction, deassert the FB_AI signal as a 
con?rmation to the bus master device that they have 
decoded the address and checked for errors. 

Following the deassertion by all devices on the bus of the 
FB_AI signal, the bus master device may proceed to the 
data transfer phase. At the beginning of the data phase, the 
bus master device may provide information through the 
command lines to the bus slave device as to the amount of 
data which will be transferred in the current transaction. 
Data may be transferred between the bus master device and 
the bus slave device over the AD<63:0> lines and data lines 
two hundred and ?fty-?ve to sixty-four, i.e., D<255:64>. 
The command information sent by the bus master device in 
the connection phase will indicate which of the available 
lines, i.e., the data width, will contain valid data, i.e., 
AD<31:0> and possibly AD<63:32>, D<127:64>, and 
D<255:l28>, and whether the transaction is to transfer data 
to the bus slave device, i.e., write, or request data from the 
bus slave device, i.e., read. If the transaction is a write, the 
bus master device places the data to be transferred on the 
appropriate bus lines upon detecting the deassertion of the 
FB_AI signal and asserts a data synchronization handshake 
signal, i.e., FB_DS. If the transaction is a read, the bus 
master device immediately deasserts the address and asserts 
the FB_DS signal upon detecting the deassertion of the 
FB_AI signal. Upon detecting the assertion of the FBwDS 
signal, for a read or a write, the bus slave device responds 
immediately by asserting a data acknowledge handshake 
signal, i.e., FB_DK, for later use. In the case of a read, the 
bus slave device then prepares to place data on the bus, and 
if the bus master device provided information as to the 
amount of data which is to be transferred, the bus slave 
device may use this information to more efficiently transfer 
the data from main memory 12b (FIG. 1) to the bus master 
device. 

After the bus slave device has captured data on the bus 
lines (a write operation from the bus master device), or 
placed data onto the bus lines (a read operation from the bus 
master device), the bus slave device deasserts the FB_DI 
signal. This indicates to the bus master device that the bus 
slave device has removed data from or provided data onto 
the bus and has also provided status, i.e., ST<7:0>, onto the 
bus. The bus master device then provides more data (for a 
write) or captures the data sent by the bus slave device (for 
a read), and captures the status sent by the bus slave device. 
When the bus master device is ready for the next data 
transfer, the bus master device deasserts the FB_DS signal. 
Both the asserting edge and deasserting edge of the FB_DS 
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8 
signal are used to transfer data. The asserting edge of the 
FB_DS signal signi?es the beginning of an “odd data heat”, 
while the deasserting edge of the FB_DS signal signi?es the 
beginning of an “even data beat”. The bus slave device 
responds to the deassertion of the FB_DS signal immedi 
ately with the re~assertion of the FB_DI signal, for later use. 
When the bus slave device has again removed data or 
provided data, and provided status, the bus slave device 
deasserts the FB_DK signal. The deassertion of the 
FB_DK signal indicates that the bus slave device has 
completed the even data beat, i.e., the bus slave device has 
either removed data or provided data, and provided status 
(the earlier deassertion of the FB_DI signal indicates that 
the bus slave device completed the odd data beat). 

In general, a plurality of such data beats occur in a similar 
way as outlined above. When the bus master device is done 
sending or receiving data, the bus master device deasserts 
the FB_AS signal and enters the disconnection phase. The 
bus slave device immediately asserts the FB_AI signal and 
then deasserts the FB_DI signal and the FB_DK signal as 
necessary depending on whether the last data transfer was an 
even or an odd data beat. The bus master device then. 
deasserts the FB_DS signal if the last data transfer was an 
odd data beat. Following this, the bus slave device asserts 
any appropriate status and in certain situations captures 
information from the data lines sent by the bus master device 
and then deasserts the FB_AK signal. The bus master 
device then captures the status and the transaction is ended. 

Flexible protocols allow for many devices, having differ 
ent capabilities, to transfer data with each other. However, 
this ?exibility generally adds complexity. Sophisticated 
devices may be allowed to transfer data with similarly 
sophisticated devices or with less sophisticated devices. At 
the beginning of a transaction many determinations need to 
be made about the transaction which is to be carried out and 
about how the transaction is to be carried out. These 
determinations take time and may require the bus master 
device or the bus slave device to respond in certain ways. In 
the case of the FBUS, most of these determinations are made 
in the connection phase, while the subsequent data phase 
requires relatively few determinations at the beginning of 
the data phase. One determination for the FBUS is the type 
of transaction to be carried out, for example, read, write, 
partial, split, etc. All these transactions are described in 
detail in the IEEE Std. 8961-1991. Other determinations 
include which address lines are to be used, which data lines 
are to be used, how much data is to be transferred, etc. Each 
determination requires the bus master device and the bus 
slave device to operate differently. 

Referring now to FIG. 2, the I/O device 120 is coupled to 
the asynchronous I/O bus 13 through an asynchronous bus 
interface 20. The asynchronous bus interface 20 includes 
conventional interface circuits 22, 24, 26, 27, and 28 dedi 
cated to the address 22 (AD<63:0>), handshake 24 (FB_ 
AS, FB_DS, FB_AI, FB_AK, FB_DI, FB_DK), status 
26 (ST<7:0>), command 27 (CM<7:0>), and data 28 
(D<255:64>) signals on the asynchronous bus. This circuitry 
includes line terminations (not shown) for maintaining the 
appropriate signal integrity on the asynchronous bus by 
providing an appropriate matching impedance termination, 
and buffers (not shown) for providing appropriate voltage 
level translation between voltage levels of signals on the 
asynchronous bus and voltage levels of signals on the __ 
remainder of the I/O device 120. The asynchronous bus 
interface 20 also includes transceivers (not shown) for 
sending and receiving data, and combinatorial logic (not 
shown) for decoding received signals or encoding signals to 
be sent. 
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The U0 device 12c further includes a slave controller 32 
and a master controller 34 coupled to the asynchronous I/O 
bus 13 through the asynchronous bus interface 20. The U0 
device 12c further includes synchronizer logic circuit 36 
which is coupled between the controllers 32, 34 and the 
handshake circuitry 24 of the asynchronous bus interface 20. 
The synchronizer logic 36 includes conventional dual stage 
synchronizers (not shown), as previously discussed, for 
synchronizing each received signal. An oscillator 38 is also 
a part of the I/O device 12c and provides a CLK signal 38a 
to the synchronizer logic 36 and the slave controller 32. The 
CLK signal 38a may also be used by other components of 
the I/O device 120 (not shown), and instead of being 
supplied from oscillator 38, the CLK signal 38a may be 
provided by the system bus 12d, where the system bus 12d 
is a synchronous bus. The controllers 32, 34 receive asyn 
chronous handshake signals directly from the handshake 
circuitry 24 and synchronized handshake signals from syn 
chronizer logic 36. The slave controller 32 responds to 
transactions initiated by other devices resident on the asyn 
chronous I/O bus 13, while the master controller 34 initiates 
transactions on the asynchronous I/O bus 13. 

As shown in FIG. 2, both controllers 32, 34 are further 
coupled to a gate array 40. The gate array 40 includes 
combinatorial logic arranged to provide inter alia a bank of 
data buifers including data buffer 42a and data buffer 42b, 
control logic 44, and a system bus interface 46. There may 
be more than two data buffers in the bank of data bulfers 
42a, 42b, however, only two are shown in FIG. 2 for 
simplicity. Through the gate array 40, the controllers 32, 34 
are coupled to the system bus 12d and may transfer data to 
and receive data from devices such as CPU 12a or main 
memory 12b resident on the system bus (FIG. 1). 

Referring now to FIG. 3, the slave controller 32 is shown 
to include here delay logic 48 and four state machines 
50-53; a ?rst synchronous state machine 50, a ?rst asyn 
chronous state machine 51, a second synchronous state 
machine 52, and a second asynchronous state machine 53. 
The delay logic 48 contains delay circuitry, including con 
ventional delay elements and combinatorial logic. Through 
the delay logic 48, signals may be delayed by predetermined 
or varying periods of time. The state machines 50-53 are 
logic circuits which implement particular state equations. 
Often, programmable array logic (PAL) components are 
used as they are well suited for the implementation of state 
machines. Both synchronous state machines 50, 52 are 
synchronous to the CLK signal 38a and will change states 
when an appropriate state equation is true (combinatorial 
logic) and the CLK signal 38a transitions (?ip-?op storage 
elements). As previously mentioned, the CLK signal 38a 
may come from the synchronous system bus and, therefore, 
the synchronous state machines 50, 52 would be synchro 
nous to the system bus, or the CLK signal 38a may come 
from the oscillator 38. If the CLK signal comes from the 
oscillator 38, the period of the CLK signal may be chosen to 
be a derivative of the period of the system bus clock which 
allows the synchronous state machine 50, 52 to operate more 
efficiently than the period of the system bus clock signal. 
Both asynchronous state machines 51, 53 will change states 
(only one state bit will transition for each state change) when 
an appropriate state equation, including hazard terms, is true 
(combinatorial logic). These four state machines are used to 
respond to transactions initiated on the asynchronous I/O 
bus 13. 

As shown in FIG. 3, the ?rst synchronous state machine 
50 receives a line carrying the CLK signal 38a and a line 
carrying a data buffer available signal 44a, i.e., BUFFER_ 
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AVAILABLE. The BUFFER_AVAILABLE signal 44a may 
be one signal or a set of data bu?’er status signals from the 
control logic 44 in gate array 40 (FIG. 2). The ?rst synchro~ 
nous state machine 50 also receives a line carrying a master 
signal 34a, i.e., MASTER, from the master controller 34 
(FIG. 1), and lines carrying the synchronized address hand 
shake signal 36a and the data handshake signal 36b, i.e., 
SYNCH_AS and SYNCI-I__DS, respectively, from the syn 
chronizer logic 36 (FIG. 2). The asynchronous interface 20 
handshake circuitry 24 sends received versions of asynchro 
nous bus handshake signals to the synchronizer logic 36 
(F162). For example, the FB_AS and FB_DS signals from 
the asynchronous I/O bus are coupled to the handshake 
circuitry 24 which sends received versions of these signals 
24a and 24b, i.e., FB_R_AS and FB_R_DS, respectively, 
to the synchronizer logic 36 (FIG. 2). The ?rst synchronous 
state machine 50 also receives decode signals from the 
asynchronous bus interface 20 (FIG.2). The ?rst synchro 
nous state machine receives a decode line carrying a signal 
22a from the address circuitry 22 indicating whether the I/O 
device 120 is a bus slave device, i.e., SLAVE. The ?rst 
synchronous state machine also receives decode lines car 
rying signals 27a and 27b from the command circuitry 27 
indicating the type of transaction, i.e., PARTIAL and 
SPLIT_RESP, respectively. The ?rst synchronous state 
machine 50 uses these signals to determine when another 
device on the asynchronous 110 bus 13 (FIG. 1) is initiating 
a transaction. 

Also, as shown in FIG. 3, the ?rst synchronous state 
machine 50 provides a line carrying a data buffer address 
strobe signal 50a, i.e., BUFFERMAS, which is received by 
the control logic 44 in gate array 40 (FIG. 2). The ?rst 
synchronous state machine 50 also provides a line carrying 
signal 50b, i.e., NO__CONN__HOLD, which is received by 
the ?rst asynchronous state machine 51 and a line carrying 
signal 500, i.e., G0, which is received by the second 
synchronous state machine 52. The ?rst synchronous state 
machine 50 also provides lines carrying signals 50d and 50e, 
i.e., MBX_SEL and LT_MASK, respectively, necessary 
for certain transactions which will be described in more 
detail later. These signals allow the ?rst synchronous state 
machine 50 to hold off the ?rst asynchronous state machine 
51 until the address and command information provided by 
the bus master device has been captured and decoded to 
determine whether the I/O device is a bus slave device and 
whether there are any errors, such that the I/O device may 
provide the appropriate connection phase status on the 
ST<7:0> lines of the asynchronous bus. The ?rst synchro 
nous state machine 50 also holds off the second synchronous 
state machine 52 until the type of transaction has been 
determined and thus, the ?rst synchronous state machine 
asserts the GO signal 500. 

The BUFFER_AVAILABLE signal 44a from the control 
logic 44 in the gate array 40 indicates that a data bu?'er in 
the bank of data buffers 42a, 42b of the gate array 40 (FIG. 
2) is available. Alternatively, the slave controller 32 could 
keep track of the number of data buffers and their availabil 
ity with additional circuitry (not shown) using additional 
other signals (not shown) from the gate array. This example 
locates this bu?'er availability circuitry in the gate array, and 
thus, centralizes the circuitry for both the master and slave 
controllers 32, 34, respectively. The large amount of cir 
cuitry available in a gate array may allow for more ?exibil 
ity. For example, the circuitry in the gate array may be able 
to provide more easily for dynamically changing the size of 
the data buffers, etc. The term “available” as used here 
indicates that a data bu?’er is empty so that it may accept data 



5,592,685 
11 

from the asynchronous I/O bus in the case of an asynchro 
nous I/O bus write received from a bus master device or that 
it may accept data from the synchronous system bus in the 
case of an asynchronous I/O bus read received from a bus 
master device. 

The MASTER signal 34a is asserted by the master 
controller 34 when the master controller is initiating a 
transaction on the asynchronous I/O bus 13 (FIGS. 1 and 2). 
The SYNCH_AS signal 36a and SYNCH_DS signal 36b 
are synchronized versions of the received asynchronous I/O 
bus address and data handshake signals 24a and 24b, i.e., 
FB__R__AS and FB_R_DS, respectively. The SLAVE sig 
nal 22a indicates whether the I/O device 120 (FIG. 1) is a 
bus slave device, and the PARTIAL signal 27a and SPLIT_ 
RESP signal 27b indicate what type of transaction has been 
initiated. 
The BUFFER_AS signal 50a may be asserted by the ?rst 

synchronous state machine 50 to cause control logic 44 in 
gate array 40 (FIG. 2) to use the address and command 
signals which were captured by the asynchronous bus inter 
face 20 address circuitry 22 and command circuitry 27 (FIG. 
2). In the case of a write, the address and command is used 
by the gate array control logic to store data received from the 
bus master device in the bank of data buffers 42a, 42b of the 
gate array, and then the control logic uses the address to 
transfer the data from the bank of data bu?’ers to the main 
memory 12b on the system bus 12a’ (FIG. 1). In the case of 
a read, the address information is used by the gate array 
control logic to transfer the necessary data from the main 
memory on the system bus to the bank of data buffers of the 
gate array, and then the control logic uses the address and 
command information to transfer the data from the bank of 
data bulfers to the asynchronous 110 bus. 
The assertion of the NO_CONN_QHOLD signal 50b 

indicates to the ?rst asynchronous state machine 51 that 
another device on the asynchronous 110 bus is initiating a 
transaction, that the address and command information on 
the asynchronous 110 bus has been captured and at least 
partially decoded such that the appropriate connection phase 
status has been placed on the ST<7:0> lines of the asyn 
chronous I/O bus, and that a data buffer in the bank of data 
buffers 42a, 42b of the gate array is available for the 
transaction. 

In the state diagrams of FIGS. 4, 8, and 9, ovals represent 
states and arrows leading into and out of ovals represent 
paths that may be taken by the state machine from one state 
to another. An arrow leading out of an oval and back into the 
same oval indicates a looping condition where the state 
machine remains in that state until a state equation becomes 
true which allows the state machine to transition to a next 
state. Asterisks (*) to the left of signals which are adjacent 
arrows leading from one oval into another oval indicate that 
these are output signals of the state machine. Up and down 
arrows to the right of output signals represent the assertion 
or deassertion, respectively, of the state machine output 
signal when the state machine transitions from one oval to 
another oval. The synchronous state machines 50 and 52 are 
here implemented using conventional D-type ?ip-?ops, and, 
therefore, output signals of the state machine which are 
shown asserted upon entry into one state will automatically 
deassert if not shown asserted in the next state. Equations 
adjacent arrows leading from one oval into another oval 
represent at least a portion of the state equation required to 
be met in order to enter the oval, i.e., state, into which the 
arrow leads. Both asynchronous state machines 51 and 53 
may further include hazard terms in their state equations 
which have not been included in the state diagrams for 
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12 
simplicity. Within the state equations, AND represents the 
basic boolean algebra “and” function, OR represents the 
basic boolean algebra “or” function, and NOT represents the 
basic boolean algebra complement function. An arrow lead~ 
ing from an oval into a circle with a number inside corre 
sponds to at least one other circle with the same number 
inside having an arrow leading into another oval. These 
circles with the same number inside represent connections as 
if each oval having an arrow leading into a circle with a 
number inside had an arrow leading directly into the oval 
which receives an arrow from a circle containing the same 
number. The state diagrams use these circles to simplify the 
drawings. 

Referring now to FIG. 4, a state diagram illustrating the 
operation of the ?rst synchronous state machine 51 of FIG. 
3 is shown. The ?rst synchronous state machine 51 begins in 
an Idle_50 state and transitions to a Wait_l state when the 
state equation: BUFFER__AVAILABLE 44a AND (NOT 
MASTER 34a) AND SYNCH_AS 36a, becomes valid, 
(i.e., the BUFFERwAVAILABLE signal 44a and SYNCH_ 
AS signal 36a are asserted and the MASTER signal 34a is 
deasserted). These signals indicate that a transaction has 
been initiated on the asynchronous 110 bus, that the I/O 
device is not initiating the transaction, and that a data buffer 
in the bank of data buffers 42a, 42b of the gate array 40 
(FIG. 2) is available. 

If this ?rst state equation is valid, the state machine 
transitions to the Wait_l state on the next transition of the 
CLK signal 38a, and asserts the BUFFERMAS signal 50a. 
There is no state equation for the Wait 1 state, and, therefore, 
on the next transition of the CLK signal 38a, the state 
machine will automatically transition to a Wait_2 state. The 
state machine will similarly remain in the Wait_2 state for 
one transition of the CLK signal and continue to assert the 
BUFFER_AS signal 50a. The states Wait_l and Wait_2 
are termed “wait” states, as they are used to add clock cycle 
delays into the operation of the state machine. The number 
of wait states can vary depending on particular characteris 
tics of the bus and interface apparatus coupled to the bus. 
The number of wait states is chosen in this instance to be 
greater than or equal to the period of time necessary for the 
asynchronous bus interface 20 address circuitry 22 and 
command circuitry 27 (FIG. 2) to capture and at least 
partially decode the address and command signals received 
from the asynchronous I/O bus such that the error circuitry 
(not shown) may determine if an error has occurred and the 
address circuitry 22 may determine whether the I/O device 
is a bus slave device. The period of time is suf?cient to allow 
the I/O device to determine the necessary status information 
and place the status information on the ST<720> lines, and 
for the control logic 44 in gate array 40 (FIG. 2) to use the 
address information. 
From the Wait_2 state, the ?rst synchronous state 

machine 50 transitions to a Conn_Hnd state where it asserts 
the NO_CONNRHOLD signal 50b to the ?rst asynchro 
nous state machine 51 (FIG. 3). The assertion of the 
NO_CONN_HOLD signal 50b allows the ?rst asynchro 
nous state machine 51 to respond on the asynchronous 110 
bus with the connection phase handshake signals, which will 
be described in more detail later. The ?rst synchronous state 
machine 50 then examines the SLAVE signal 22a, the 
PARTIAL signal 27a, and the SPLIT_RESP signal 27b. The 
PARTIAL signal 27a and the SPLIT_RESP signal 27b 
indicate two types of transactions which will be described in 
more detail later. The SLAVE signal 22a indicates that the 
I/O device is a target of the current transaction. If the 
SLAVE signal 22a is deasserted, i.e., NOT SLAVE 22a, then 
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the I/O device is not the target of the transaction, and a 
N ot__Slave state is entered. The state machine remains in the 
Not_Slave state until the transaction is ?nished, signi?ed by 
the deassertion of the SYNCH_AS signal 36a. When the 
SYNCH_AS signal 36a deasserts, the ?rst synchronous 
state machine 50 enters the Idle__,50 state and asserts the 
NO__,CONN_HOLD signal 50b to the ?rst asynchronous 
state machine 51, to allow the ?rst asynchronous state 
machine 51 to handle the disconnection phase handshake 
signals which will be described in more detail later. 

If the SLAVE signal 22a is asserted and the PARTIAL 
signal 27a and the SPLITwRESP signal 27b are deasserted, 
i.e., SLAVE 22a AND (NOT PARTIAL 27a) AND (NOT 
SPLIT__RESP 27b), the transaction is a simple data transfer. 
Therefore, the ?rst synchronous state machine 50 transitions 
to a Strt_Data state and asserts the GO signal 500 to the 
second synchronous state machine 52 to begin the data 
transfer phase, to be described in more detail later. The ?rst 
synchronous state machine 50 then remains in the Strt_Data 
state until the transaction is ended which is indicated by the 
deassertion of the SYNCH_AS signal 36a. Upon the deas 
sertion of the SYNCH_AS signal 36a, the state machine 
returns to the Idle_50 state to wait for the initiation of 
another transaction and asserts the NO_CONN_HOLD 
signal 50b. 

If necessary, the ?rst synchronous state machine 50 could 
add wait states to delay the assertion of the NO_CONN__ 
HOLD signal 50b following the deassertion of the 
SYNCH_AS signal 360. For example, a bus slave device 
which is splitting a transaction (to be described in more 
detail later) must capture the bus master device’s discon 
nection identi?cation in the disconnection phase which the 
bus master device places on the data lines. The bus slave 
device may need additional time to capture this information 
than is required in the disconnection phase of a completed 
transaction, and the ?rst synchronous state machine 50 could 
provide the additional time by adding wait states following 
the deassertion of the SYNCH_AS signal 36a. An addi 
tional path in the ?rst synchronous state machine 50 could 
be added to handle this situation so that other transactions 
are not unnecessarily delayed. 

During the operation of the ?rst synchronous state 
machine 50, the assertion of the PARTIAL signal 27a 
indicates that out of the available lines chosen for data 
transfer, i.e., the AD<3110> lines and possibly the 
AD<63:32>, D<255:l28>, and D<l27z64> lines, only cer 
tain groups of eight lines, for example, AD<7:0> and 
AD<31:24> from AD<3l:0>, will contain valid data. The 
?rst data transfer in a partial transaction contains data which 
are used as a data transfer mask. The mask is saved in 
circuitry, such as a register (not shown), and used during the 
transaction for subsequent data transfers. The mask is thirty 
two bits wide with each bit corresponding to a group of eight 
lines (a byte of data). For example, mask bit zero corre 
sponds to lines AD<7:0>, while mask bit thirty-one corre 
sponds to lines D<255:248>. A convention is established to 
indicate when a particular group of lines, i.e., AD<720> . . . 

D<255:248>, contain a valid byte of data. The convention 
used here is that if mask bit zero is a logic level one, “1”, the 
corresponding lines, i.e., AD<7:0>, will contain valid data. 
If mask bit zero is a logic level zero, “0”, the data is not 
valid. 

The assertion of the SPLIT_RESP signal 27b indicates 
that the bus master device is initiating a split response 
transaction. A split response transaction is one in which the 
current bus master device, is responding to an earlier trans 
action which was initiated by another device, i.e., the 
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original bus master device, now the current bus slave device. 
For example, an original bus slave device may determine 
that a considerable amount of time is required to retrieve 
data necessary to service a read request by an original bus 
master device. In such a case, the original bus slave device 
may split, i.e., end, the transaction before the data transfer 
phase such that other devices on the asynchronous I/O bus 
may conduct transactions while the original bus slave device 
retrieves the requested data. When the original bus slave 
device has retrieved the requested data, it may continue the 
transaction by initiating, i.e., becoming the bus master 
device, a split response transaction, and sending the 
requested data to a current bus slave device, i.e., the original 
bus master device. 

Both a partial and a split response transaction require 
additional actions to those required for a simple read or 
write. The state machine handles these additional actions 
through additional states. In the ?rst synchronous state 
machine, if the PARTIAL signal 27a and the SLAVE signal 
22a are asserted, i.e., SLAVE 22a AND PARTIAL 27a, 
during the Conn_Hnd state, the state machine proceeds to 
a Partial state and waits for the assertion of the SYNCH_DS 
signal 36b from the synchronizer logic 28 (FIG. 2). If the 
SYNCH_AS signal 36a deasserts while in the Partial state, 
i.e., NOT SYNCH_AS, before the assertion of the 
SYNCH_DS signal 36b, then the transaction has ended, and I 
the state machine asserts the NO_CONN_HOLD signal 
50b and enters the Idle_50 state to wait for the initiation of 
another transaction on the asynchronous I/O bus. However, 
upon the assertion of the SYNCH_DS signal 36b while the 
state machine is in the Partial state, the ?rst synchronous 
state machine 50 transitions to a Lt_Mask state and asserts 
the LTMMASK signal 50e. The LT_MASK signal 50e 
causes the byte mask register circuitry (not shown) to latch 
the byte mask data. The LT_MASK signal 50e is also sent 
to the second asynchronous state machine 53 to enable the 
second asynchronous state machine 53 to respond on the 
asynchronous I/O bus with the appropriate data phase hand 
shake signals, to be described in more detail later. When the 
state equation: SYNCH_AS 36a and (NOT SYNCH_DS 
3612), becomes valid, the state machine then transitions to a 
Wait~_3 state. Several wait states may be added between the 
Lt_Mask state and the Wait_3 state in order to set up the 
circuitry required to accomplish a partial transaction. When 
the circuitry is ready and the mask data has been captured, 
the ?rst synchronous state machine 50 transitions to the 
Strt_Data state and asserts the GO signal 50c. 

In the ?rst synchronous state machine 50, if the SPLIT_ 
RESP signal 27b and the SLAVE signal 22a are asserted and 
the PARTIAL signal 27a is deasserted, i.e., SLAVE 22a 
AND (NOT PARTIAL 27a) AND SPLIT_RESP 27b, dur 
ing the Conn Hnd state, the state machine proceeds to a Split 
state and asserts the MBX__SEL signal 50d. The MBX__ 
SEL signal 50d is used by circuitry (not shown) to resume 
the processing of a previously split transaction. Any number 
of wait states, i.e., Wait_4 state, may be added to allow 
su?icient time to prepare such circuitry. When the circuitry 
is prepared to respond to the split response transaction, the 
?rst synchronous state machine 50 transitions to the Strt 
Data state and asserts the GO signal 500. 
The above outlined state machine includes some of the 

many determinations that need to be made when the I/O 
device 12c (FIG. 1) is abus slave device. There can be many 
other determinations which are made in the connection 
phase of a transaction, such as determinations depending 
upon the characteristics of the I/O device 12c, the bus master 
device, and the asynchronous 110 bus 13. For example, the 
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U0 device 12c may initiate a split transaction as described 
above. 

Implementing the protocol of the connection phase as the 
?rst synchronous state machine 50 provides a slower state 
machine than if the protocol were implemented as a corre 
sponding asynchronous state machine due to the necessity of 
synchronizing the FB_R_AS signal 24a, i.e., the 
SYNCH_AS signal 36a, and the FB_R_DS signal 24b, 
i.e., the SYNCH_QDS signal 3612, (FIG. 2) as previously 
discussed. The ?rst synchronous state machine 50 may also 
be slower than a corresponding asynchronous state machine, 
because the synchronous state machine will not change state 
until the appropriate state equation is true and the CLK 
signal 38a transitions, whereas a corresponding asynchro— 
nous state machine will change state as soon as the appro 
priate state equation becomes true. 

However, an I/O device used to interface to an asynchro 
nous bus implementing a ?exible protocol which allows a 
large number of different devices to operate optimally, such 
as the FBUS, requires that I/O device to make many 
determinations, including whether the I/O device is a bus 
slave device, what type of transaction has been initiated, and 
how that transaction is to be handled. After these many 
determinations are made, the I/O device may need to 
respond in correspondingly different ways. These different 
responses may be handled by different paths in a state 
machine of the I/O device. As mentioned previously, asyn 
chronous state machines allow only one state bit to change 
per state transition. Therefore, synchronous state machines 
such as the ?rst synchronous state machine 50 are generally 
better suited than asynchronous state machines for imple 
menting different paths from one state into many other states 
due in part to the fact that synchronous state machines are 
not limited to allowing only one state bit to change per state 
transition. Further, a synchronous state machine also allows 
wait states to be easily added, i.e., no additional circuitry, to 
the many paths that may be required of the state machine to 
allow su?icient time for speci?c circuitry to be set up or for 
signals to propagate through speci?c circuitry. 

For an asynchronous state machine to add a wait state 
additional circuitry would need to be added, for example, 
delay logic to delay a previous signal. Also, as the number 
of states increases in an asynchronous state machine, the 
number of state bits signi?cantly increase due to the neces 
sity of allowing only one state bit to change per state 
transition (a corresponding synchronous state machine may 
require less state bits). The number of hazard terms required 
for an asynchronous state machine will also increase as the 
number of state bits and input signals increase. If the 
protocol of the connection phase is implemented as a 
corresponding asynchronous state machine, the correspond 
ing asynchronous state machine would, in general, be very 
large requiring signi?cantly more circuitry than the ?rst 
synchronous state machine 50 due to the requirement of 
having only one state bit change per state transition and also 
due to the necessity of including hazard terms in the state 
equations, as previously discussed. 

Moreover, if such an asynchronous state machine was 
implemented in fast programmable logic array (PAL) 
devices, the transition of the state machine from one state to 
another might be slower than the propagation delay of a 
single PAL due to the amount of circuitry required to build 
the asynchronous state machine. One or more PALs might 
have to be stacked in order to implement the state equations 
of the asynchronous state machine. The term “stacked” is 
used herein to indicate an arrangement where a ?rst PAL 
sends one or more signals to a second PAL which then sends 
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one or more signals back to the ?rst PAL or to other PALs 
which in turn eventually send signals to the ?rst PAL. Each 
time a PAL is stacked to implement a state equation, a PAL 
delay is added to the transition time for the corresponding 
state. Thus, implementing the protocol of the connection 
phase as an asynchronous state machine would require the 
use of a large number of logic circuits, and if the asynchro 
nous state machine is implemented through PAL devices, it 
may be necessary to stack PALS which would slow the 
asynchronous state machine down, thereby, at least partially 
negating the presumed speed advantage of the asynchronous 
state machine over the ?rst synchronous state machine 50. 

Referring again to FIG. 3, as mentioned previously, the 
?rst asynchronous state machine 51 receives a line carrying 
the NO_CONN_HOLD signal 501; from the ?rst synchro 
nous state machine 50. The ?rst asynchronous state machine 
51 also receives a line carrying the FB_R_AS signal 24a 
from the asynchronous bus interface 20 address circuitry 22 
(FIG. 2). The FB_R_‘AS signal 24a is a received version of 
the FB_AS signal on the asynchronous I/O bus as opposed 
to the transmitted version, i.e.,, FB_TMAS 34b, which is 
asserted by the master controller 34 (FIG. 2) when the I/O 
device 120 is the bus master device. The ?rst asynchronous 
state machine 51 provides a line carrying a signal 51a, i.e., 
FB_T_AK, which is the transmit version of the asynchro 
nous address acknowledge signal, i.e., FB_AK, on the 
asynchronous 110 bus. The ?rst asynchronous state machine 
51 further provides a line carrying a signal 51b, i.e., FB_T_ 
AI, which is the transmit version of the asynchronous 
address acknowledge inverse signal, i.e., FB_AI. Both the 
FB_T_AK signal 51a and the FB_T_AI signal 51b are 
sent to the asynchronous bus interface 20 handshake cir 
cuitry 22 for transmission on the asynchronous I/O bus as 
the FB_AI signal and the FB_AK signal respectively. 

Referring now to FIG. 5, a state diagram illustrating the 
operation of the ?rst asynchronous state machine 51 of FIG. 
3 is shown. The ?rst asynchronous state machine 51 begins 
in an Idle_51 state with the FB_T_AK signal 51a deas~ 
serted and the FB_THAI signal 51b asserted. The state 
machine enters the Idle_51 state when the NO_CONN_ 
HOLD signal 50b is deasserted from a previous transaction 
and transitions to a Wt_,Sync_l state when the FB_RQAS 
signal 24a is asserted indicating a new transaction. The ?rst 
asynchronous state machine 51 waits in the Wt__Sync_l 
state until the ?rst synchronous state machine 50 asserts the 
NO_CONN_HOLD signal 50b. Upon detecting the asser 
tion of the NO_CONN_HOLD signal 50b, the ?rst asyn 
chronous state machine 51 transitions to a Wait_End state 
and completes the connection phase handshake signals on 
the asynchronous bus by asserting the FB_T_gAK signal 
51a while continuing to assert the FB_T_AI signal 51b. As 
described above, the ?rst synchronous state machine 50 
asserts the NO_CONN_HOLD signal 5012 after the address 
and command information provided on the asynchronous 
I/O bus 13 (FIG. 1) has been captured and the appropriate 
connection phase status has been placed on the ST<710> 
lines of the asynchronous I/O bus. Thus, although the ?rst 
asynchronous state machine 51 receives the assertion of the 
FB_R_AS signal 24a prior to the ?rst synchronous state 
machine 50 receiving the assertion of the related signal, 
SYNCH_AS 36a, the ?rst asynchronous state machine 51 
is held off, i.e., unable to enter the Wait_End state and _, 
complete the connection phase protocol, through the use of 
the NO_CONN_HOLD signal 50b until the address and 
command information provided on the asynchronous I/O 
bus has been captured and at least partially decoded by the 
?rst synchronous state machine 50. 
















